Selection for physiological characteristic and evaluation the performance and degree of drought tolerance of the six selected faba bean cultivars and their F1 crosses were tested under two levels of soil moisture. Randomized complete blocks design with three replicates was used in each experiment, (normal & stress environments) during the two growing seasons 2006/07, 2007/08 at North Sinai Research Station, Desert Research Center. The results indicated that significant mean squares due to genotypes were obtained for all characters under both environments and the combined data. The ratio of specific combining ability (S.C.A.) × environment (Env.) /S.C.A. was much higher than ratios of general combining ability (G.C.A.) × environment Env./G.C.A. for all characters except plant height and number of branches. The parental Giza 429 (P4), Giza 716 (P5) and Giza 2 (P6) gave positive and significant (ĝi) for yield and one or more of its components under normal and stress irrigation as well as the combined data. Meanwhile, the cross combination Nubaria 1 (P4) × Giza 429 (P1) appeared to be the best promising hybrid for breeding to increase seed yield per plant which gave significant positive Ŝij for yield and some of its component under both environments as well as the combined data.
INTRODUCTION
Faba bean (Vicia faba L.) is one of the most important pulse crops produced throughout the world, with roughly 46 million tons of production in 82% of the area in the developing countries. Average seed yield of faba bean is around 1.8 t/ha; as compared with its potential (more than 3 t/ha) under farm conditions that employ improved crop management practices. Environmental variability (cold, heat and drought) and biotic factors effect on faba bean productivity. Drought is the most important limiting factor of faba bean production in the Mediterranean region, mainly in low rainfall and marginal lands in Egypt, Syria, Tunisia, Morocco, Spain and Italy. (ICARDA, 2008) .
In Egypt faba bean is the most important food legume, it is the most common fast food in the Egyptian diet, eaten by rich and poor alike. Its acreage and seed yield vary due to seasons and locations. The yield instability is attributed to various biotic and a biotic stresses.
Unpredictable drought is the single most important factor affecting world food security and the catalyst of the great famines of the past. Moreover, because the world's water supply is fixed, increasing population pressures will ensure that the effects of successive drought are more severe because competitions from industry will increase limit the water available for agriculture. Crops are voracious consumers. At present an unsustainable 70% of the world's water is used for agriculture. Faba bean is known as partially cross-pollinated crop with natural out crossing ranged from 30 -60 % depending on genetic, environmental, insect pollinator factors and their interactions. Such natural breeding system resulted in some plants in the same variety field is crossbreds improve yield performance and stability. So, progress in breeding faba beans for resistance to biotic and a biotic stress has bean slow and with only few breakthroughs to be considered. Generally, results of many investigators among them Bond et. al., (1994); and Abd Elmula et. al.. (1999) showed a large variation in the general combining ability and the low levels of specific combining ability in different faba bean crosses. These results are in favor of breeding synthetic varieties; however, after considering the high degree of self-fertilization occurring in the crop, hybrids appear to be more appropriate. Faba bean hybrids have also shown better adaptation to a wide range of biotic conditions as compared to open pollinated or inbred cultivars, expressed in improved fertilization at high temperatures and tolerance to lack of pollinating insects owing to their heterotic auto fertility reduced winter damage and better tolerance to drought stress.
Methods of plant breeding and genetic modification can speed the transition to more efficient water use and considerable success has already been achieved. Hybrid seed likely to be expensive and the economics of commercial production of hybrid faba bean have not yet been worked out. The economic feasibility would be considerably improved if sufficient heterosis were retained in the F 2 generation to make its production of value particularly under the stress conditions. Many investigators registered positive and significant heterobeltiosis for seed yield and its components in faba bean (El-Hosary and Sedhom (1988) , El-Hosary et. al., (1992) and El-Hosary et. al., (1997) .
The objectives of this study were to estimates the heterosis performance, general and specific combining ability in F 1 of faba bean halfdiallel cross for certain quantitative characters under normal irrigation and stress conditions, to improve yield of Egyptian faba bean for drought tolerance. A diallel cross set involving the six parents were made in 2006/07 season under open field and normal conditions. In 2007/08 season, two experiments were conducted. Each experiment included the six parents and their 15 F 1 cross, which were sown on 15 th November 2007 and designed in randomized complete blocks (RCBD) with three replications. The two experiments were planted in two adjacent fields to avoid the differences in the soil fertility productivity and irrigated with two levels of soil moisture (at 60-70 and 40-50%) of field capacity in addition to the rainfall. In each experiment, each plot consisted of four ridges and each ridge was 5 m length and 60 cm width with 20 cm between hills. One seed was grown per hill on one side of the ridge. Data of plant height, number of branches per plant, number of pods per plant, number of seeds per plant, number of seeds per pod, 100-seeds weight and seed yield per plant were recorded on 10 individual plants chosen of the two experiments at random from each plot, and analyzed on individual plant mean basis. An ordinary analysis of variance for RCBD was firstly performed according to Snedcor and Cochran (1967) . Heterosis was determined according to Paschal and Wilcox (1975) . General and specific combing ability was estimated by employing Griffing's (1956) diallel cross analysis designed as model-1, method-2.
RESULTS AND DICUSSIONS
The analysis of variance for each of the stress and normal environments (40-50 % and 60-70 % of field capacity, respectively) as well as the combined data for yield and yield components is presented in (Table-2 ). The error variances for the two environments were homogenous for all the studied characters consequently the analysis would be valid. Environments (Env.) mean squares were significant for all the studied characters, indicating overall differences between the two environments (normal and moisture stress). The mean values of all characters in the normal environment were significantly higher than those in stress environment.
Significant genotypes mean squares were obtained for all studied characters under both treatments as well as the combined data (Table-2 ). This indicates the wide genetic diversity between the parental materials that used in the present study. Significant genotype × environment mean squares were obtained for all studied characters, revealing that the performance of genotypes differed from one environment to another. Also, results showed that mean squares due to parents were significant for all characters except number of pods/plant at the first treatment of soil moisture. Significant mean squares due to interaction between parents and environments were detected for all studied characters except 100-seed weight, indicating that the parents varied in their response to environments. For the exceptional character, however, insignificant mean squares of interaction between parental varieties and environments were recorded revealing high repeatability of the tested parents under different levels of soil moisture. Also it may be reflect the minor role of the non-additive type of gene action on the expression of this character. Mean squares for parents vs. crosses as an indication to average heterosis overall crosses were of appreciable magnitude for all characters. General and specific combining ability mean squares were significant for all the studied characters in each experiment was devoted for one irrigation treatment as well as the combined data, except number of branches/plant for G.C.A. at both treatments and the combined analysis, number of seeds / pod for G.C.A. under stress condition and number of pods/plant for S.C.A. under stress condition. The mean performances for the six parental varieties of faba bean at separate environments as well as the combined data are presented in Table ( 3). The parental variety Nubaria 1 (P 1 ) gave highest values for 100-seed weight under both levels of soil moisture as well as the combined analysis. The parental variety Sakha 2 (P 2 ) gave the highest mean values for number of seeds per pod under both levels of soil moisture as well as the combined analysis and attained greater number of seeds per plant under normal irrigation and the combined analysis. Also, it gave the moderate values for other characters.
The parental variety Sakha 1 (P 3 ) gave the second values for 100-seed weight, while it gave moderate values for other studied characters under the two levels of soil moisture as well as the combined analysis. The parental variety Giza 429 (P 4 ) gave highest mean values for number of pods/plant under both levels of soil moisture as well as the combined analysis and number of branches under stress irrigation. Meanwhile, it gave the second values for number of seeds/plant under both levels of soil moisture as well as the combined analysis. Also, it gave the moderate values for other traits. Moreover, the parental variety Giza 716 (P 5 ) expressed the lowest values for 100-seed weight and number of seeds/pod under both levels of soil moisture as well as the combined analysis while; it gave the moderate values for other characters.
The parental variety Giza 2 (P 6 ) exhibited highest values for plant height under both levels of soil moisture as well as the combined analysis. Also, it gave highest values for number of branches/plant and seed yield/plant with normal irrigation and the combined analysis. Meanwhile, it almost expressed moderate values for the most of other traits.
Data presented in Table ( 3) showed that crosses mean squares were significant for all the studied characters, revealing an overall difference between these crosses. Significant mean squares due to interaction between crosses and environments were detected for all characters. Such results indicated that these hybrids performed in different way under each environment.
The mean performance of F 1 hybrids in each level of soil moisture as well as the combined data is presented in Table ( 3). For plant height, the mean values for crosses ranged from 105.33cm. for Sakha 2 (P 2 ) × Giza 429 (P 4 ) to 68.00 cm. for Giza 716 (P 5 ) × Giza 2 (P 6 ) at normal irrigation; from 85.00 cm for Nubaria 1(P 1 ) × Giza 429 (P 4 ) to 66.00cm. for Giza 429 (P 4 ) × Giza 2 (P 6 ) under water stress and from 67.83cm. for Giza 716 (P 5 ) × Giza 2 (P 6 ) to 89.00 cm. for Nubaria 1(P 1 ) × Sakha 1(P 3 ) in the combined data. In continuous, for number of branches/plant, the cross Sakha 1(P 3 ) × Giza 429 (P 4 ) had the highest mean value under two levels of soil moisture and the combined data. However the cross Giza 716 (P 5 ) × Giza 2 (P 6 ) gave the lowest values at normal irrigation and the combined data, and Nubaria 1(P 1 ) × Sakha 2 (P 2 ) under stress irrigation. The cross Giza 429 (P 4 ) × Giza 2 (P 6 ) at normal irrigation and in the combined data and Giza 429 (P 4 ) × Giza 716 (P 5 ) at stress irrigation gave highest values for number of pods/plant. Meanwhile Nubaria 1(P1) × Sakha 2 (P2) gave lowest one under the two levels of soil moisture and the combined data. The crosses Sakha 2 (P 2 ) × Giza 716 (P 5 ) under normal irrigation and in the combined data and Giza 429 (P 4 ) × Giza 716 (P 5 ) at stress irrigation gave highest values for number of seeds/pod. On the other hand, the crosses Sakha 2 (P 2 ) × Giza 429 (P 4 ) at normal irrigation and the combined data and Sakha 2 (P 2 ) × Giza 716 (P 5 ) under water stress exhibited lowest values for this character.
The cross Sakha 1(P 3 ) × Giza 716 (P 5 ) at stress irrigation and the combined data and Nubaria 1(P 1 ) × Giza 429 (P 4 ) at normal irrigation were recorded highest values for seed yield/plant. Whereas, the crosses Sakha 2 (P 2 ) × Giza 429 (P 4 ) under stress condition and the combined data and Nubaria 1(P 1 ) × Sakha 2(P 2 ) at normal irrigation had the lowest values for seed yield/plant.
For number of seeds/plant, the crosses Giza 429 (P 4 ) × Giza 716 (P 5 ) under stress condition and the combined data and Sakha 2 (P 2 ) × Giza 2 (P 6 ) under normal irrigation gave highest values. While, the cross Nubaria 1(P 1 ) × Sakha 2 (P 2 ) was lowest one in this concern. The cross Nubaria 1(P 1 ) × Sakha 2 (P 2 ) had highest values for 100-seed weight under the two levels of soil moisture and the combined data. On the other hand, the cross Giza 429 (P 4 ) × Giza 716 (P 5 ) showed lowest one in this respect. It could be concluded that these crosses would be efficient and promising in faba bean breeding program for improving yield and its components under drought conditions. Heterosis:
Mean squares for parent vs. crosses as an indication to the average heterosis overall crosses was of appreciable magnitude in both environments (normal irrigation at 60-70 % and stress irrigation at 40-50 % of field capacity) as well as in their the combined for all characters except number of pods per plant under the two levels of soil moisture and the combined data, number of seeds per pod under normal irrigation and number of seeds per plant under the two levels of soil moisture Table 2 . Significant interaction between parents vs. crosses and environments was detected for number of branches per plant, number of pods per plant and number of seeds per plant, indicating that the heterotic effects were affected by the environmental changes for such characters. F 1 mean performances were significantly higher than parental mean for most characters under study with the two levels of soil moisture.
Heterosis expressed as the percentage deviation of F 1 mean performance from its better parent average values for all the studied characters under the two levels of soil moisture and an average over the two levels of soil moisture, are presented in Table 4 . With regard to plant height, five and two crosses exhibited significantly positive heterotic effects relative to better parent under stress irrigation and the combined data, respectively. However, thirteen, five and nine crosses exhibited significant negative heterotic effects relative to better-parent values under normal, stress irrigation and the combined data, respectively. Positive heterosis for plant height was reached before by, Helal (1997) , and Omar et. al., (1998) . For number of branches/plant, six crosses expressed significant negative heterotic effects relative to better-parent values under the normal, stress irrigation treatments and the combined data Moreover, five, four and five crosses expressed significantly negative heterotic effects relative to better-parent values for number of seeds/plant, under the normal, stress irrigation treatments and the combined data, respectively. Whereas, the cross Nubaria 1(P 1 ) × Giza 716 (P 5 ) under normal irrigation and the combined data and Giza 429 (P 4 ) × Giza 716 (P 5 ) under stress irrigation, significantly surpassed the better-parent for number of seeds/pod under normal, stress irrigation and the combined data. However, four, seven and seven crosses exhibited significant negative heterotic effects relative to better-parent values under normal, stress irrigation and the combined data, respectively. Abo El-Zahab et al., (1994a) and Helal (1997) recorded significant positive heterotic effects for number of seeds/plant
The results also revealed that significant negative and heterotic effects relative to better parent value under the two levels of soil moisture and the combined data were detected for seed yield/plant and 100-seed weight. The components of yield for individual crosses also showed in most cases, less heterosis than yield it. Many investigators reported high heterosis for seed yield of faba bean among them El-Hosary and Sedhom (1988), Hendawy et al., (1988) , Abul-Naas et. al., (1991), and El-Hosary et. al. (1997) . 
Combining ability:
Analysis of variances for combining ability for all the studied characters is presented in Table ( 2). The mean squares associated with general and specific combining ability were highly significant for all the studied characters except number of branches per plant under the two levels of soil moisture and the combined data; with G.C.A. and number of pods/plant under stress irrigation with S.C.A. It is evident that both additive and non-additive gene effects were involved in determining the performance of single cross progeny. Also, when G.C.A./S.C.A. ratio was calculated, it was more than unity for all characters except plant height under stress irrigation and the combined data, number of branches and number of seeds/pod under both environments as well as the combined data, indicating the predominance of additive and additive × additive types of gene action in the inheritance of such characters.
For the exceptional cases, low G.C.A./S.C.A. ratio which less than unity was detected. Such results indicated that non-additive type of gene action was more important than additive one in controlling of these lines. While the under normal irrigation. The genetic variance was previously reported to be mostly due to additive type of gene action for yield and yield components by El-Hosary (1987 , El-Hosary et., al., (1992 , and Omar et. al., (1998) .
The mean squares of interaction between both irrigation treatments and general combining ability were significant for all characters except number of branches/plant, No. of pods/plant and number of seeds/pod under stress condition. These results indicating that the magnitude of additive and additive-by-additive types of gene action varied from irrigation treatment to another. For the exceptional characters, insignificant interaction mean squares were obtained revealing that the magnitude of additive and additive by additive types of gene action did not differ from environment to another.
Significant mean squares of interaction between SCA and irrigation treatments were obtained for all traits, suggesting that the magnitude of nonadditive type of gene action was differed from irrigation treatment to another. It is fairly evident that ratios for S.C.A. × Env./S.C.A. was much higher than ratios of G.C.A. × Env./G.C.A. for all characters except plant height and number of branches/plant. Such results indicate that non-additive effects were much more influenced by the irrigation treatments than the additive genetic ones. Specific combining ability was stated by several investigators to be more sensitive to environmental changes than G.C.A. (Gilbert, 1958) .
General combining ability effects:
Estimates of (ĝ i ) effects for individual parental cultivars in each character are given in Table ( 5) . General combining ability effects computed herein were found to differ significant from zero in all characters. High positive values would be interest under all characters in question. The rest of the tested parents expressed negative significant or insignificant (ĝ i ) for this character.
For plant height P1 and P2 at normal irrigation and the combined analysis and P5 at stress condition, gave significant positive ĝ i effects.
For number of seeds/pod, significant negative (ĝ i ) were showed for parental varieties Nubaria 1 (P 1 ), Giza 429 (P 4 ) and Giza 716 (P 5 ) under the two levels of soil moisture and the combined data. While the rest of the tested parents expressed significant positive (ĝ i ) for this character. Results indicated that the parental variety Nubaria 1 (P 1 ) expressed significant positive (ĝ i ) for 100-seed weight under the two levels of soil moisture and the combined data revealing that this parent was the best combiner for this character. Also, it was expressed significant positive (ĝ i ) for plant height with normal irrigation and the combined data, it could be considered as a good combiner for this character. 0.71* 0.83** 0.76* 0.81** 0.68* 0.82** * and ** indicates significant at 0.05% and 0.01% levels of probability, respectively. r = Correlation coefficient between the parental performance and their G.C.A effects.
Number of branches/plant
The parental variety Sakha 1 (P 3 ) seemed to be the best combiner for number of seed yield/plant under stress condition and 100-seed weight under the two levels of soil moisture and the combined data. The parental variety Giza 429 (P 4 ) seemed to be good general combiner for number of pods/plant, seed yield/plant and number of seeds/plant under the two levels of soil moisture and the combined data. The parental variety Giza 716 (P 5 ) expressed positive and significant (ĝ i ) effects for plant height under stress condition, number of pods/plant and yield / plant under the two levels of soil moisture and the combined data. Such results indicated that the parental variety Giza 716 (P 5 ) could be considered as excellent combiner for improving for drought tolerant using these characters. The parental variety Giza 2 (P 6 ) expressed positive and significant (ĝ i ) effects for number of pods/plant under normal irrigation, seed yield/plant and number of seeds/plant under normal irrigation and the combined data. It is considered as a good combiner for these respects.
Concerning seed yield and its components, it is worth-noting that the parent that possessed high (ĝ i ) for seed yield might be also so in one or more of yield components. On the other hand, the parent which posses high (ĝ i ) for one or more of yield components may not necessarily have high general combining ability effect for seed yields itself. It is worth mentioning that (ĝ i ) for seed yield/plant was largely manifested in parents showing (ĝ i ) for number of seeds/plant. Positive significant correlation coefficient values between parental performances and its (ĝ i ) effects were obtained for all the studied characters under the two levels of soil moisture except plant height, number of branches/plant under normal irrigation and the combined data, number of pods/plant under normal irrigation and number of seeds/pod under stress irrigation. These findings indicate that the intrinsic performance of their general combining ability (ĝ i ) effects. Therefore, selection among the tested parental population for initiating any proposed breeding program could be practiced either on the basis of mean performance or (ĝ i ) with similar efficiency
For the rest cases, insignificant correlation coefficient values were detected between the two variables. This disagreement revealed that hybrids characterized with high mean values could be expected by crossing between varieties of low performance for these cases. These results may be due to high magnitude of non-additive gene effects in these cases (Table 2) . A rather good agreement between ranking of parental performances and their G.C.A. effects was reported by El-Hosary and Sedhom (1988) and Abul-Naas et., al. (1989) .
Specific combining ability effects:
Specific combining ability (Ŝ ij ) effects of the parental combination computed for all characters in the F 1 generation at the two levels of soil moisture as well as the combined data are presented in Table 6 .
For plant height, three, seven and seven hybrids exhibited positive significant specific combining ability (Ŝ ij ) effects under the normal, stress irrigation and the combined data, respectively. In the same order, nine, seven and eight hybrids had negative significant Ŝ ij . For plant height, insignificant Ŝ ij in the rest of the cases was detected. The crosses Nubaria 1(P 1 ) × Giza 429 (P 4 ) , Sakha 2 (P 2 ) × Giza 429 (P 4 ) and Nubaria 1(P 1 ) × Sakha 2 (P 2 ) gave the highest Ŝ ij values in T 2 , T 1 and the combined data, respectively. However the three crosses Nubaria 1(P 1 ) × Giza 2 (P 6 ) under normal irrigation (T 1 ) and Giza 716 (P 5 ) × Giza 2 (P 6 ) under the combined data and stress irrigation respectively exhibited negative Ŝ ij values.
The highest desirable Ŝ ij effects were obtained in the following crosses at the combined across two irrigation treatments: P 1 × P 6 , P 4 × P 6 and P 5 × P 6 for No. of pods/plant, P 1 × P 4 , P 1 × P 5 and P 4 × P 5 for No. of seeds/pod, P 1 x P 4 , P 1 × P 5 and P 5 × P 6 for 100 seed weight, P 1 × P 4 , and p4 × P 5 for No. of seeds/plant and P 1 × P 4 , , P 3 × P 5 and P 4 ×P 5 for seed yield/plant If the crosses exhibiting high SCA involve both parents who also are good combiners, they could be exploited for breeding varieties as well. Nevertheless, if crosses showing high SCA involve only one good combiner, such combinations would through out desirable transgressive segregates provided that the additive genetic system present in the good combiner, and complementary and epistatic effects present in the crosses act in the same direction to reduce undesirable plant characteristics and maximize the character in view. 
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